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Abstract 
This study investigated the effects of a phonologically based treatment on the ability in verb 
retrieval of a 51-year-old Cantonese anomic speaker using a multiple-baseline design. Nature 
of generalization effect was also examined. The treatment protocol involved a cueing 
hierarchy utilizing orthographic-phonological cue and phonological priming. The treatment 
was effective in improving the naming of treated verbs. Generalization to phonologically 
related untrained items but not the semantically related ones or the controls was noted. 
Treatment effect was maintained for at least one month. Possible reasons that may explain the 
treatment and specific generalization effects are discussed. The findings from this study 
suggested that treatment protocol can facilitate the retrieval of verb but not only that of noun.  
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Using Orthographic-phonological Cue and Phonological Priming to Facilitate Verb Retrieval 
in A Cantonese Anomic Speaker 
Anomia, or difficulty in word retrieval, is one of the most common features of aphasia 
(Goodglass & Wingfield, 1997). In cognitive neuropsychological model, language processing 
involves various modules with specific functions (Whitworth, Webster, & Howard, 2005). 
Impairment in retrieving a word can be caused by damages to any modules involved and/or 
the connections between them (Whitworth et al., 2005). 
Differences between noun and verb retrieval 
Anomia is observed in both noun and verb retrieval and they are found together in many 
patients (Berndt, Mitchum, Haendies, & Sandson, 1997). However, there is evidence 
suggesting that the processes of retrieving verbs and nouns are different. Double dissociation 
is found between verb and noun retrieval in aphasic patients (Laiacona & Caramazza, 2004), 
and most patients are more impaired in verb-naming (Berndt et al., 1997). Some researchers 
explained the phenomenon by suggesting that verbs carry more grammatical information than 
nouns (Zinger & Berndt, 1990). Others suggested that lexicon is organized by grammatical 
categories (Han & Bi, 2009). Furthermore, some psycholinguistic variables affecting noun 
and verb retrieval are found to be different. Kemmerer and Tranel (2000) found that the 
conceptual factor ‘characteristic motion’ has an effect on noun retrieval but not on verb 
retrieval, and the effect is vice versa for the factor ‘undergoer change of location’. Apart from 
these, processes involved in noun and verb retrieval differ at the neural level as well. 
Damasio and Tranel (1993) reported that left inferior temporal cortex lesion usually leads to 
greater difficulties in retrieving nouns, whereas left inferior frontal cortex lesion brings 
greater difficulties in verb-naming. Based on these differences, it cannot be assumed that 
treatments for noun retrieval can facilitate verb retrieval. 
Importance of verb retrieval treatment study 
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Although anomia is observed in both verb and noun retrieval, the majority of treatment 
studies focus on facilitating noun retrieval (Nickels, 2002). However, facilitating verb 
retrieval should be regarded as a crucial part in the rehabilitation of word-finding difficulties. 
One of the reasons is that verbs carry significant meaning as nouns (Wambaugh & Ferguson, 
2007). Furthermore, improvement in narrative was noted after implementing therapies 
targeting verb retrieval (Kim, Adingono, & Revoir, 2007; Raymer & Ellsworth, 2002), since 
verbs play an important role in sentence generation (Druks, 2002). As verb retrieval 
treatments may bring potentially larger impact on functional language production and 
communication based on the possible facilitation to sentence construction, they warrant 
further studies. 
Review of verb retrieval treatment studies 
Most previous verb retrieval treatment studies adopted techniques used in therapy for 
noun retrieval (Wambaugh & Ferguson, 2007). Therefore, like anomia therapies for noun 
retrieval, those for verb retrieval can be classified as semantically based and phonologically 
based. Some treatments are the combination of both. Semantically based therapies involve 
tasks focusing on semantic processing such as discussing semantic properties of the verbs 
(e.g., Fink, Martin, Schwartz, Saffron, & Myers, 1992; Wambaugh & Ferguson, 2007), 
word-picture matching (e.g., Marshll, Pring, & Chiat, 1998; Webster, Morris, & Franklin, 
2005), semantic cueing hierarchy (e.g., Wambaugh, Cameron, Kalinyak-Fliszar, Nessler, & 
Wright, 2004) and answering questions about semantic attributes of the targets (e.g., Raymer 
& Ellsworth, 2002; Raymer et al., 2007; Rodriguez, Raymer & Gonzalez, 2006). 
Phonologically based therapies involve tasks focusing on processing at phonological level. 
Repetition is an element which can be found in most treatments (e.g., Raymer et al., 2007; 
Rodriguez et al., 2006; Schneider & Thompson, 2003; Wambaugh et al., 2004). Other 
phonological tasks include phonological cueing (e.g., Wambaugh et al., 2004) and answering 
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questions about phonological attributes of the target verbs (e.g., Raymer & Ellsworth, 2002; 
Raymer et al., 2007; Rodriguez et al., 2006).  
The results of these studies reflect that applying techniques used in object naming 
therapies to verb retrieval treatment may bring positive treatment effect. However, with the 
same treatment protocol used, improvement in naming treated items was not found so 
consistently in verb retrieval study (e.g., Wambaugh et al., 2004) as in noun retrieval one (e.g., 
Wambaugh, 2003). Moreover, generalization effect was not as commonly observed in verb 
retrieval treatment studies (e.g. Wambaugh & Ferguson, 2007) as in those for noun retreival 
(e.g. Boyle, 2004) with the same treatment protocol.  
Problems in previous verb retrieval treatment studies 
Among the treatment studies of verb retrieval, treatment generalization and its nature 
were not clearly explored. Generalization effects were not investigated at all in some studies 
(e.g., Wambaugh et al., 2004). In other studies, nature of generalization effect was not 
examined. Researchers only stated if generalization is present or not without stating the 
relationship between the untrained items and the trained ones, for example, if the untrained 
items are phonologically or semantically related to the trained items (e.g., Edwards & Tucker, 
2006; Raymer & Ellsworth, 2002; Raymer et al., 2007; Rodriguez et al., 2006; Wambaugh & 
Ferguson, 2007; Webster et al., 2005).  
The fact that generalization to untrained items within semantic categories was noted in 
object naming treatment (e.g., Boyle, 2004) encouraged some researchers to incorporate this 
idea into verb retrieval treatment studies. One way of categorizing verbs was proposed by 
Levin (1993) who listed more than forty semantic classes with subcategories. Verbs are 
classified in groups like ‘verbs of emission’, ‘verbs of cutting’, ‘judgment verbs’, according 
to their semantic information carried. This categorization method was adopted in the 
selection criterion of treated and generalization probes (Marshall et al., 1998; Schneider & 
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Thompson, 2003). Results revealed generalization effect within classes. Verbs may also be 
classified according to their semantic weight (i.e., how much semantic components the verbs 
carry) (Barde, Schwartz & Boronat, 2006) and instrumentality (i.e., if the verbs require the 
use of instruments) (Jonkers & Bastiannse, 2007). The researchers found that these factors 
have effects on verb naming performance. However, no categorization of verbs was made 
according to their phonological attributes in previous studies. 
Review of Cantonese anomia treatment studies 
There are a few treatment studies on anomia in Cantonese focusing on noun retrieval. 
These treatments are either semantically based which involves discussion of semantic 
features of target nouns (Law, Wong, Sung, & Hon, 2006), or phonologically based involving 
the use of orthographic-phonological cue (OPC) to activate word retrieval at phonological 
level (e.g., Law, Yeung, & Chiu, 2008). Yau (2007) conducted a study using the same 
treatment protocol as Law et al. (2008) and adopted phonological priming in addition.  
Treatment and generalization effects were noted in all studies but they were found more 
consistently in phonologically based therapy. The generalization effect was identified as 
phonological in nature in the study of Yau (2007); generalization was only found in naming 
the phonologically related untrained items. While there are a few noun retrieval treatment 
studies, there has not been any study conducted on verb retrieval in Chinese anomia. 
Comparing phonological treatment and semantic treatment 
Comparing the two approaches, several advantages are found in phonological treatment 
over semantic treatment. Aphasic patients with severe semantic deficits may not benefit from 
semantic treatment (e.g., Law et al., 2006; Nettleton & Lesser, 1991; Wambaugh & Ferguson, 
2007). Individual with severe anomia may also feel frustrated when requested to name 
different semantic features associated with the target in the training (Yau, 2007). Furthermore, 
home practice of phonological treatment like OPC can be carried out more easily and 
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independently than semantic treatment which involves discussion of semantic features (Law 
et al., 2008). On the contrary, time is needed for the training of letter-sound mapping which is 
a prerequisite of OPC treatment and the participant may need a certain degree of knowledge 
in English. 
Overview for this present study 
In this study, effects of treatment for action-naming in Chinese anomia were investigated. 
Phonologically based treatment with orthographic-phonological cue and phonological 
priming was chosen because of its likelihood of generalization that has been found with 
object-name retrieval and with treatments for object-naming appear to achieve certain level of 
success in verb retrieval. Furthermore, OPC treatment aims at activating phonological level 
processing which verbs and nouns are believed to be processed similarly at this level.  
 This study addressed the following questions: 1) Would the treatment using 
ortho-phonological cue and phonoglocial priming be effective for verb retrieval? 2) Would 
the treatment result in generalization to phonologically and/or semantically related untrained 
items? 3) Would the treatment effects (if any) be maintained beyond the treatment phase? 
Method 
Participants 
The aphasic subject was a right-handed native Cantonese speaker, CWK, with 
impairments in retrieving verbs induced by brain injury. He suffered from left hemisphere 
stroke in October, 2007. Infarct was found in the left frontal lobe. CWK was a graduate from 
Hong Kong Polytechnic and his premorbid occupation was engineer. With respect to his 
English language proficiency, he passed English in the Hong Kong Certificate Examination 
with a grade (E). He spoke, read and wrote in English at work sometimes. Moreover, he 
could also speak in Japanese and Korean but only for general conversation like greetings. 
CWK lived with his wife, son, daughter and a domestic helper. He received occupational 
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therapy at Kowloon Hospital and a private center. Therapies were scheduled twice a week in 
both settings. He also had acupuncture therapy once a week. Furthermore, CWK received 
speech and language therapy at Kowloon Hospital once during the period of this study for 
review of general condition and counseling for family members. He also joined the speech 
therapy on weekly basis at the Hong Kong Society for Rehabilitation for four and a half 
months in 2008 before the start of this study. CWK usually read newspaper, had a walk in the 
garden, did activities suggested by occupational therapist and copied newspaper in daily life.  
Five normal control participants matched in age, gender and education with CWK were 
recruited to provide normative data for the treatment stimuli. 
Initial assessments and hypothesized nature of impairment 
A series of language, memory, and cognitive tests were carried out on CWK. 
Performances of normal participants with background matched with him on the tests were 
obtained from Yeung (2009), and are given in Appendix A. CWK’s results of initial 
assessments are given in Appendix B and interpretations are as follows: 
In Cantonese Aphasia Battery (CAB) (Yiu, 1992), CWK obtained an Aphasia Quotient 
of 89 and was thus classified to have anomic aphasia.  
CWK attained 100% accuracy (40/40) in immediate auditory discrimination task, which 
indicated that his processing of auditory input was normal. He also achieved 96.7% accuracy 
(29/30) in repetition task, which reflected his phonological output is largely preserved.  
For the processing of visual input, performance of CWK in the three subtests of 
Birmingham Object Recognition Battery (BORB) match task (Riddoch & Humphreys, 1993) 
revealed that there was at most mild impairment. He attained the accuracies of 100% (25/25), 
92.0% (23/25) and 93.8% (30/32) in minimal feature view task, foreshortened view task, and 
item match task respectively. 
When using the same set of pictures adopted from Snodgrass and Vanderwart (1980) as 
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stimuli, CWK could read aloud their names with 96.8% accuracy (210/217) but achieved 
only 80.6% accuracy (175/217) when he was asked to name the pictures. With his good 
performance in reading aloud the names and the discrepancy between the two task results, the 
naming difficulties of CWK were believed not to be due to phonological output disruption. 
Verbal semantic tests including synonym judgment, spoken word-picture matching and 
written word-picture matching were carried out. CWK achieved the accuracies of 80% 
(48/60), 95.2% (120/126) and 93.7% (118/126) respectively. His performance was below 
normal for all the three tests which revealed verbal semantic impairments. 
Two non-verbal semantic tests – Pyramid and Palm Tree Test (PPTT) (Howard & 
Patterson, 1992) and associative match test of BORB (Riddoch & Humphreys, 1993) were 
implemented. CWK scored in normal range for PPTT with an accuracy of 86.5% (32/37) but 
performed below normal in associative match test of BORB with an accuracy of 91.3% 
(21/23). These reflected he has non-verbal semantic deficits. 
Digit span of CWK was 6, which is below the normal and indicated a certain degree of 
short-term memory problem. His score on the Test of Nonverbal Intelligence (TONI-3) 
(Brown, Sherbenou, & Johnsen, 1997) was at the 55th percentile which reflected no 
impairment in executive function or problem-solving.  
Three tests from the Psycholinguistic Assessments of Language Processing in Aphasia 
(PALPA) (Kay, Lesser, & Coltheart, 1992) were carried out. CWK could name most of the 
letters and achieved accuracies of 100% (26/26) and 88.5% (23/26) for upper case and lower 
case respectively. He also attained 96.2% accuracy (25/26) in spoken letter-written letter 
matching. However, he only scored 57.7% accuracy (15/26) when matching letter sound with 
written letter, and failed to complete the letter sounding task. Though CWK’s ability in 
letter-sound mapping was only fair, he was still invited to participate in this study. This is 
because it was believed that CWK could be trained to acquire the mapping skills with his 
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good premorbid proficiency in English.  
To conclude, it was hypothesized that naming difficulties of CWK are due to semantic 
disruption and deficits in subsequent access to the phonological lexicon cannot be ruled out. 
Materials 
A total of 193 black-and-white line drawings of actions were downloaded from the 
website http://crl.ucsd.edu/~aszekely/ipnp/7lgpno.html and used as stimuli. These pictures 
were used in a normative study of action naming in seven languages including English, 
German, Spanish, Mexican, Italian, Buldgarian, Hungarian and Mandarin Chinese (Bates et 
al., 2003), and a similar study in Cantonese (Tse, 2005). 
Naming agreement, ratings of age-of-acquisition, familiarity and visual complexity of 
the stimuli were obtained from five control participants. They were asked to name the picture 
and then rate the age-of-acquisition, familiarity and visual complexity of each picture (see 
Appendix C for detailed procedures of data collection). Their naming responses were 
recorded digitally and transcribed orthographically. Pictures with 60% naming agreement or 
above were selected as potential stimuli for the treatment. 
Treatment Design 
 A single case study with multiple baseline design consisting of four phases: baseline, 
pre-treatment training, treatment phase, and maintenance phase was adopted. The treatment 
protocol was the same as Yau (2007).  
Baseline phase. CWK was asked to name the pictures three times over separate sessions. 
This phase ended when fluctuation of naming accuracies became less than 10%. Pictures that 
the participant failed to name twice or more were chosen as potential treatment items. 
The way of categorizing verbs proposed by Levin (1993) was adopted in selection of 
items. Fifteen items were assigned to each group of treated, phonological generalization 
(items with the same initials as the treated items but do not belong to the same semantic 
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class), semantic generalization (items belong to the same semantic class as the treated items 
but do not share the same initials) and control probes (items unrelated to treated items).  
Since there were limited amount of potential items and an item may belong to more than 
one semantic class, assigning items to probes was difficult. It was not always possible to find 
a pair of items sharing the same consonant which belong to entire different semantic classes 
(i.e., no overlapping of semantic class), to be put into treated and phonological generalization 
probes. An onset-based criterion is therefore set. Phonological generalization items must 
belong to at least one semantic class which the corresponding treated items do not belong to. 
There were a total of 60 items in the four probes (see Appendix D). The ratings of 
age-of-acquisition, visual complexity and familiarity were comparable across all the probes, 
Fs(3, 56) = 2.31, 1.76, and 2.31, respectively, ps > .05 (see Appendix E). These factors were 
found to have influence on verb retrieval in Cantonese (Tse, 2005). 
Pre-treatment training. CWK was trained to generate syllabic cues in response to a letter 
cue representing an initial consonant in this phase. Training procedures used by Law et al. 
(2008) were adopted (see Appendix F for details). This phase was completed in eight sessions 
and all the initial phonemes in Cantonese were trained to allow CWK to have equal exposure 
to all phonemes which may appear in different probe types. 
Treatment phase. At the beginning of every treatment session, CWK was asked to name 
all the probe items presented in random order. No cues or feedback were given so as to 
monitor the progress over time. 
CWK was trained to name items in groups of which the members share the same initial 
consonants, one group at a time (i.e. phonological priming). The cueing hierarchy used by 
Law et al. (2008) was adopted. The clinician will first present the relevant letter cue if the 
subject failed to name the picture spontaneously. If that didn’t lead to correct naming, the 
demonstration of phoneme with a schwa by the clinician would be given. If this failed to 
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facilitate successful naming, the clinician would encourage the subject to produce possible 
CV syllables with the provided letter. If the subject could not name the target with this cue, 
the clinician would provide the first target syllable. If successful naming was not achieved at 
this level, the clinician would provide the target name and the subject will repeat after that. 
This phase was completed in five sessions when naming accuracy of 85% was achieved in 
four consecutive sessions.  
Maintenance phase. Naming accuracy of CWK of all probes was recorded for three 
sessions scheduled in the second, third, and fourth week after the treatment phase.  
Data Analyses 
Scoring. The participant’s naming responses were classified as correct response, 
alternative response or error response. Correct responses were the modal names obtained 
from the control participants. Alternative responses were responses other than modal names 
which are also appropriate for the action (e.g., naming摘花/tshɐt22fa55/ as 採花/tshɔi35fa55/). 
However, some appropriate names were not categorized as correct ones if they do not share 
the same initial consonant with the modal name (e.g., naming 針/tshɐm55/ as 吉/thɐt55/).  
Error responses were categorized into groups including 1) Semantic error which the 
‘semantic associations’ like action, object, doer or sounds related to the target action are 
named or the target action is described instead of named (i.e., circumlocution); 2) 
Phonological error which involved substitution of other phonemes but contained more than 
50% of the target syllables; 3) Partial response which was characterized by at least one 
morpheme of the target as response; 4) Jargon or neologism; 5) Unrelated response which 
was a meaningful response unrelated to the target; 6) English name; 7) No response. 
Reliability. Inter-rater reliability of the naming responses was computed. A 4th year 
student of Speech and Hearing Sciences was invited to classify 10% of all the errors across 
baselines. Point-to-point agreement of 93.0% was obtained.  
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Statistical Analysis. The McNemar’s test was used to measure the changes of treated 
items in baseline phase and treatment phase for assessing treatment effect. Best performance 
in the two phases will be contrasted for comparison. The same procedures were applied to 
untrained probes as well for assessing generalization effect. The Chi-square test was used to 
compare the difference in performance between two probe types, e.g. treated vs. control and 
semantic generalization vs. phonological generalization, etc. This was to reveal if the 
improvement is due to treatment effect, generalization or repeated exposure. In addition, d 
index described by Kromrey and Foster-Johnson (1996) was used to calculate the effect sizes 
of treatment, generalization and maintenance. 
Results 
CWK responded to the treatment positively with treatment and generalization effects. 
Treatment effect was maintained for one month after the end of treatment. Generalization to 
phonologically related untrained items was found though the performance of naming these 
items dipped in the maintenance phase. As for naming errors, reduction in no responses and 
unrelated responses was noted while there was an increase in semantic errors and jargon after 
the implementation of treatment. 
The naming accuracy of treatment, phonological generalization, semantic generalization 
and control items of CWK is shown in Figure 1. 
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Figure 1. Percentage accuracy in naming different probe types across sessions 
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There was a trend of increasing in percentage accuracy for treated and phonological 
generalization items over time. Naming accuracies of the other two probes remained low with 
some fluctuations noted. 
The best performance of CWK in naming different probe types after implementation of 
treatment (i.e. treatment phase and maintenance phase) was compared to his best performance 
during the baseline. Statistical results are given in Table 1. The changes in naming treated 
items as well as phonological generalization items were found to be significant. No 
significant changes were noted for the semantic generalization and control probes. 
Table 1 
Statistical analysis of improvement in naming different probe types 
Type of items Best performance before treatment (B1 
to T1) vs. Best performance from T2 
onward 
McNemarχ2 p 
Treatment Items 46.67% (T1) vs.  
100% (T3, T4, T6, M1, M3) 
6.125 .0133* 
Phonological 
Generalization items 
46.67% (T1) vs.  
86.67% (T6) 
4.167 .0412* 
Semantic 
Generalization items 
20% (B1, B2, B3, T1) vs.  
33.3% (M1) 
0.250 .6171 
Control items 26.67% (T1) vs.  
33.3% (T5) 
0.000 1.0000 
Note. * p < .05  
Statistical results of comparisons between the highest naming accuracies of different 
probes types after implementation of treatment are given in Table 2.  
Table 2 
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Comparison of naming accuracy of different probe types 
Type of items compared Best performance in T2 to T5 and 
maintenance phase 
Fisher’s 
Test 
Treatment vs. Phonological Generalization  100% (T3, T4, T6, M1, M3) vs. 
86.67% (T6) 
.4828 
Treatment vs. Semantic Generalization  100% (T3, T4, T6, M1, M3) vs. 
33.3% (M1) 
.0002* 
Treatment vs. Control 100% (T3, T4, T6, M1, M3) vs. 
33.3% (T5) 
.0002* 
Phonological generalization vs. Semantic 
generalization 
86.67% (T6) vs. 33.3% (M1) .0078* 
Phonological generalization vs. Control 86.67% (T6) vs. 33.3% (T5) .0078* 
Semantic generalization vs. Control 33.3% (M1) vs. 33.33% (T5) 1.0000 
Note. * p < .05  
Treated items were named significantly better than untrained items except for the 
phonological generalization items, whereas the semantic generalization items and control 
items showed no significant difference. This demonstrates the treatment effect, and its size 
was large as indicated by the d index (d = 3.7). Also, it was noted that improvement in 
naming treated and phonological generalization items after the treatment is of similar extent.  
Significant differences were also noted when comparing the best performance of naming 
phonological generalization items with that of semantic generalization and control items. The 
effect size indicated by d index of phonological generalization effect was also large (d = 2.3).  
 In terms of maintenance of treatment effects, CWK’s performance on naming the treated 
items in the last session of maintenance phase was the same as his best performance in the 
treatment phase (achieving 100% accuracy). This indicated that treatment effect maintained 
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for one month after treatment.  
For the progress made on naming phonologically related untrained items, CWK’s 
performance peaked in the last session of the treatment phase and a regression was noted in 
the maintenance phase. Nonetheless, the performance of naming these items in the last 
maintenance session and the best performance in the treatment was comparable,χ2 (1, N=15) 
=1.50, p >.05.  
Table 3 shows how the proportions of errors changed before and after treatment. The 
proportions of semantic errors and jargon responses increased, whereas there was a reduction 
in unrelated response and no response after the treatment. 
Table 3 
Error distribution before and after treatment 
Error type B1-T1 
(n=369) 
M1-M3 
(n=89) 
1. Semantic error 60.4% 74.2% 
i. action related to the target action 
e.g. 切蘋果 ‘to cut’  批蘋果 ‘to peel’ 
ii. object related to the target action 
        e.g. 照鏡 ‘to look’  化妝鏡 ‘mirror’ 
iii. doer of the target action 
        e.g. 做手術 ‘to operate’  醫生‘doctor’ 
iv.    sound related to the target action 
        e.g. 吠 ‘to bark’ [wɔ55wɔ55] 
v.     circumlocution 
e.g. 推 ‘to push’ 小朋友出力 ‘child gave effort’  
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2. Semantic/English response 
e.g. 溶 ‘melt’  ice-cream 
1.9% 1.1% 
3. Semantic/Partial 
e.g. 打棒球 /da35phaŋ13kɐu21/ ‘to play baseball’  棒球
/phaŋ13kɐu21/ ‘baseball’ 
1.4% 1.1% 
4. Partial response 
e.g. 剪羊毛/tsin35jœŋ21mou21/  剪羊 [tsin35jœŋ21] 
0.5% 0.00% 
5. Phonological error 
e.g. 寄信/gei33sœn33/  寄快信[gei33fai33sœn33] 
0.8% 1.1% 
6. Jargon or neologism 
e.g. 搬‘to load’  運包‘no meaning’ 
6.2% 13.5% 
7. Unrelated response 
e.g. 行路‘to walk’  跳舞‘to dance’ 
13.0% 5.6% 
8. No response 15.7% 3.4% 
Note. B = Baseline, M = Maintenance 
Finally, in terms of level of cueing used during treatment, CWK could name most of the 
items spontaneously. His reliance on modeling and first target syllable cues (the last and the 
second last step of the cueing hierarchy) reduced from 33.3% at the beginning to 0% in the 
middle of the treatment phase. On the contrary, increase in correct naming upon presentation 
of letter cues and demonstration of phoneme with schwa (the first and second step of the 
cueing hierarchy) from 0% to 100% was noted when the phase came to an end.  
Discussion 
 The findings of this study were compatible with those of previous anomia treatment 
studies using orthographic-phonological cueing (Law et al., 2008; Yau, 2007) in which 
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treatment and generalization effects were noted. The difference between this investigation 
and previous work was that the stimuli used in this study were verbs – a new grammatical 
word class that had not been studied using this protocol before. This indicated that OPC may 
facilitate word retrieval irrespective of grammatical category. 
This discussion will address CWK’s performance in different phases with implications. 
Limitation of the study and the future directions will also be discussed. 
Using orthographic-phonological cues to facilitate word retrieval 
 CWK completed the pre-treatment training in eight sessions. The number of sessions 
needed was the highest among all the subjects participated in the study involved the same 
training (Law et al., 2008; Yau, 2007). Yau (2007) stated that there is a negative correlation 
between the number of sessions needed and the ability in letter sounding (r = -.94, p < .05).  
CWK’s failure of completing the letter sounding test may be the reason for his longer period 
of pre-treatment training. However, the completion of the phase implied that the skills needed 
for using OPC can be trained, even for individuals with poor ability of letter sounding. 
Treatment effect 
Significant improvement was noted in naming treated items, and these items were 
named significantly better than untrained items except for phonological generalization items. 
This indicated that improvement after treatment was not due to repeated exposure to stimuli 
but to the treatment protocol (Nickels, 2002). Furthermore, the performance of CWK in the 
control task (digit span forward) stayed constant. Therefore, the improved verb retrieval was 
not due to spontaneous recovery or other factors leading to general improvement. 
However, the naming accuracies of CWK in the baseline phase were not totally stable. 
There was an increase in naming accuracy in treated and phonologically related items in the 
fourth baseline (carried out before implementation of treatment in the first treatment session). 
This might be due to the presence of his family members in that session who acted as support, 
Using Orthographic-phonological cue 19  
 
though the increase was not evenly seen across all probes. This hypothesis is supported by a 
little regression in naming the phonological generalization items in the subsequent session 
which family members were absent. Slight improvement in naming treated items was also 
noted and it was probably due to treatment. Despite the unstable baseline, it is important to 
note that significant improvement was still found when the performance of CWK in naming 
different probes after the introduction of treatment was compared with the best performance 
in baseline (including the fourth one).  
CWK met the performance criterion for terminating the treatment phase in only five 
treatment sessions. This is a comparatively short period when compared with the subjects 
reported by Yau (2007) and Law et al. (2008). This may be due to the frequent 
implementation of home practice – CWK practiced two to three times for all the items 
everyday. CWK’s cognitive ability may also contribute to his good progress. His TONI-3 
percentile was higher than those obtained by the three out of four subjects reported by Law et 
al. (2008), who needed more than 5 sessions for completion of treatment phase. This is 
compatible with the finding by Law et al. (2006) in which less time is needed to reach the 
passing criterion of treatment phase for patients with higher cognitive abilities. 
Presence of phonological generalization effect 
Significant improvement was noted in naming phonologically related items but not in 
naming semantically related and control items. Generalization effect was thus not explained 
by repeated exposure of stimuli as suggested by Nickels (2002), since improvement should be 
observed in all probes. This confirmed that the nature of this treatment protocol is strategic 
since it brings ‘true’ generalization (Howard, 2000). 
The phonological generalization effects noted can be explained by the interactive 
activation model proposed by Dell, Schwartz, Martin, Saffran and Gagnon (1997). In such a 
model, accessing treated items may bring certain degree of activation to their phonological 
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neighbors because they share the same initial consonants with the treated items. Lexical 
access to the phonological related items was therefore strengthened, resulting in 
generalization effect which is phonological in nature. 
Procedures used in treatment may also explain the presence of generalization effect. 
Treatments involving repetition only do not bring generalization effect (e.g., 
Reichmann-Novak & Rochon, 1997). The necessary condition for generalization to occur is 
that patient should process the phonological representation of the targets (Yau, 2007). 
Therefore, the procedure in this study – the subject needed to generate the corresponding 
syllables of letter cues given and tried to name the target, may account for the presence of 
generalization effect. 
Phonological priming may be another factor contributing to the presence of 
phonological generalization effect. Martin and Laine (2000) found that such priming 
promoted generalization in a patient with severe phonological processing deficits. However, 
no facilitation was noted when the same procedure was adopted in their early study on a 
patient with severe semantic deficits (Laine & Martin, 1996). The success of phonological 
priming in promoting generalization effect may vary across individuals depending on their 
underlying deficits. As CWK’s semantic deficits were not severe, the generalization effect 
noted may be brought by priming.  
To sum up, it is difficult to distinguish the contribution of these two factors to the 
promotion of phonological generalization effect.  
Absence of semantic generalization effect 
The design of treatment protocol may be a factor behind the insignificant gain in 
semantic generalization items. In the cueing hierarchy, no semantic information is provided to 
CWK. Spreading activation to related semantic concept, which may be possible according to 
the interactive activation model (Dell et al., 1997), may be too weak to result in improvement 
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in naming semantic related items.  
The selection method of semantically related untrained item may be another explanation 
for the lack of generalization to such items. There are a lot of subclasses under the semantic 
classes suggested by Levin (1993). This study considered only the board semantic classes but 
did not comprise all the features (i.e., the subgroups). For example, the treated item ‘shine’ 
and the semantically related item ‘knell’ both belong to the semantic group ‘verbs of 
emission’ but they are under the subgroup ‘verbs of light emission’ and ‘verbs of sound 
emission’ respectively. Difference in fine features of these two probes may lead to failure in 
generalization. Taking nouns as analogy, semantic generalization within a board semantic 
class like ‘animal’ cannot be expected since there are many subtypes like birds, dogs, fish, etc. 
Accessing semantic features of ‘eagle’ may not activate those of ‘bulldog’. 
Changes in error pattern 
In this study, reduction in no response and unrelated response with increase in jargon 
and semantic errors were noted. This finding differs from those of other phonologically based 
therapies which reported more phonological errors after the treatment (e.g., Martin & Laine, 
2000; Yau, 2007).  
Caramazza and Hillis (1993) pointed out that difficulties in lexical access may account 
for no response in naming; the reduction in no response noted could be attributed to improved 
lexical access due to treatment. The increase of jargon can be explained by the reduced 
number of total errors and the fact that CWK gave some meaningless responses to some 
specific items consistently throughout the treatment. When the number of total errors 
decreased, the percentage of jargon response increased. 
The increase of semantic errors and reduction in unrelated response may be due to the 
activation of semantic system by the semantic information provided in the picture stimuli. 
Responses involving semantic associates like the doer or object related to the target verb that 
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can be found in picture, are regarded as semantic errors. The semantic system of CWK may 
be stimulated by these associates and this resulted in more semantic errors and less unrelated 
responses. The high proportion of responses which are the associates that can be found in 
picture (68.6%) of all the semantic errors may be a support of this hypothesis. 
The lack of increase of phonological errors may be due to two reasons. The first one is 
the limited chance of activating the phonological attributes of half of the probes – 
semantically related and control probes. These items do not share the same initial consonant 
with the treated items. However, according to the interactive activation model (Dell et al., 
1997), activation is only spread to the phonologically related items. Therefore, it is hard for 
the response to meet the definition of phonological error – substitution of other phonemes but 
contained more than 50% of the target syllables. 
Although increase in phonological errors in naming treated and phonologically related 
items may be possibly achieved based on their consonants and therefore was expected, the 
high naming accuracies of these two probes in the early treatment phase limited the possible 
increase. This may be another reason behind the lack of rise in phonological errors. 
Limitation 
This study did not address the changes in the production at sentence and/or discourse 
level while Goodglass (1993) pointed out that anomia would affect these aspects but not only 
single word production. Studies involving confrontation naming reported improvement in 
production of sentence or discourse are mainly semantically based (e.g. Marshall et al., 1998; 
Raymer & Ellsworth, 2002; Webster et al., 2005; Wambaugh & Ferguson, 2007) or protocol 
involving semantic, gestural and verbal production tasks as well as orthographic cueing 
(Marshall,1999). As there is a lack of finding from phonological based treatment, the possible 
changes in sentence or discourse production should have been covered in this study. 
According to Hegde (1998), it is necessary to establish a stable baseline for treatment 
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effectiveness evaluation. Though there was less than 10% fluctuation in the naming 
accuracies of CWK in the three baseline sessions, his naming accuracy jumped from the 
average of 17.77% to 46.67% for both the treated and phonologically related items in the first 
session of treatment phase. As a result, the baseline was not really stable on the whole. Under 
such circumstances, the baseline should have lengthened until a stable baseline is obtained. 
However, due to the limitation of time, the treatment was carried out without a stable baseline. 
This is another limitation of the study.  
Further Study 
 Future research in the application of OPC in anomia treatment can be enhanced by 
establishing a more stable baseline. Also, investigation of changes in production at sentence 
and/or discourse level can be done. Furthermore, the treatment protocol should be carried out 
on patients with different underlying impairments and also of different severities to assess its 
effectiveness. This is because treatment effectiveness on participants may vary with their 
underlying impairments accounting for anomia such as semantic and phonological deficits 
(Howard, 2000) or the severity of these impairments (Law et al., 2006).  
Conclusion 
 Positive results were found in this treatment study with orthographic-phonological 
cueing and phonological priming to facilitate verb naming; with treatment and generalization 
effects noted. This study extended the use of this therapy to improve anomia in verb retrieval, 
which is a grammatical class which has not been studied using such protocol. 
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Appendix A 
 
Normal performances on language and cognitive tests 
 
TABLE 1 
Control subjects’ performance on language and cognitive tests 
Task Normal Performance 
Control group: Three subjects with ages ranging from 40 to 68 years and at least 9 years 
of education  
(Law, Yeung, et al., 2008) 
Spoken word-picture matching  
(n = 126)  
Range: 124 – 126 
  
Control group: Fourteen subjects with ages ranging from 47 to 60 years and with 
education level ranging from Secondary 1 to University degree 
Synonym judgment  
(n = 60) 
Range: 51 – 60  
(Mean = 56.79; SD = 3.31) 
  
Control groups of 10 subjects each matched in age and education with each of the anomic 
participants 
 (Law & Yip, 2004) 
Oral picture naming   
(n = 217) 
215.10   
(SD = 0.88, 214 – 217) 
Pyramids & Palm Trees Test (PPTT)   
(n = 37) 
31.80   
(SD = 6.78; 16 – 37) 
Associative Match Test in Birmingham Object 
Recognition Battery (BORB)      
(n = 23) 
22.60   
(SD = 0.52; 22 – 23) 
  
Data from Lee, Yuen & Chan (2002) with control groups most closely matched in age and 
education with the anomic participants 
Digit forward sequence 9.12  
(SD = 1.16)a 
  
Control groups of 10 subjects most closely matched in age with the anomic participants 
Attention Network Test – Conflict effect (ANT) 111.60ms  
(SD = 26.87; 66.30 – 
144.20ms)b 
aData is based on the control group of 69 male and female subjects (age: 20 – 46; education > 
13 years). 
bData is based on the control group of 10 male and female subjects with age ranges from 
41–57 years old (Mean= 49.8). 
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Appendix B 
 
The participant’s performance on language and cognitive tests 
 
TABLE 2 
Results of initial assessments 
Task Result 
Auditory discrimination (n=40) 40 (100%) 
Repetition (n=30) 29 (96.7%) 
Visuospatial analysis  
 Minimal Feature view (n=25) 25 (100%) 
 Foreshortened view (n=25) 23 (92.0%) 
 Item match (n=32) 30 (93.8%) 
Letter naming  
 Uppercase (n=26) 26 (100%) 
 Lowercase (n=26) 23 (88.5%) 
Letter sounding (n=24) － 
Letter sound-written letter matching (n=26) 25 (96.2%) 
Oral naming (n=217) 175 (80.6%) 
Reading aloud object names (n=217) 210 (96.8%) 
Verbal semantic tests  
 Spoken word-picture matching (n=126) 120 (95.2%) 
 Written word-picture matching (n=126) 118 (93.7%) 
 Synonym judgment (n=60) 48 (80.0%) 
Non-verbal semantic tests  
 PPTT (n=37) 32 (86.5%) 
 BORB (n=23)  21 (91.3%) 
Digit forward sequence 6 
TONI-3: Raw Score 32 (55) 
Note. “－” indicates that CWK was not able to carry out the task  
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Appendix C 
Procedures of normative data collection 
 
The procedures of normative data collection from the five control participants were as 
follows: 
1. The participant was asked to name the picture. 
2. The participant rated the picture in terms of age-of-acquisition using a 7-point scale 
which each point represents a range of 2 years. “1” indicated that the participant learnt the 
action in his first 2 years of life and “7” represented that he learnt the action at a time 
after 13 years of age. 
3. Then, the participant rated the picture in terms of familiarity using a 5-point scale. He 
judged how often he performed, came across or thought about the action indicated in the 
picture. “1” indicated “never” while “5” meant “always”, which represented “unfamiliar” 
and “highly familiar” respectively. 
4. The participant was then asked to rate the picture in terms of visual complexity using a 
5-point scale. He judged how complex is the picture in terms of the linings. “1” indicated 
“very simple” whereas “5” represented “very complex”. 
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Appendix D 
Probe items used in this study 
TABLE 3 
Probes items with means of age-of-acquisition, visual complexity and familiarity ratings 
 
Items Mean 
of 
A-o-A 
rating 
Mean of 
Visual 
complexity 
rating 
Mean of 
Familiarity 
rating 
Mean of 
Initial 
phoneme 
Semantic Class 
which makes 
the verbs 
distinguishable 
 
Treated items 摘 “Pick” 4.2 2.0 2.2 j 
Verbs of 
Change of 
Possession 
針 
“Sting” 5.0 2.8 2.2 j 
Verbs of 
Psychological 
State 
照 
“Shine” 4.0 2.6 3.6 j 
Verbs of 
Emission 
做手術 
“Operate” 6.0 1.8 2.0 j 
Verbs of 
Change of State 
種樹 
“Plant” 4.8 1.8 2.2 j 
Verbs of 
Putting 
鑽 
“Drill” 5.0 2.2 3.0 j 
Verbs of 
Cutting 
沖涼 
“Shower” 3.6 1.8 5.0 ch 
Verbs of 
Putting 
坐 
“Sit” 3.2 2.0 4.8 ch 
Verbs of 
Putting 
吹頭 
“Dry” 4.2 2.0 3.8 ch 
Verbs of 
Change of State 
點蠟燭 
“Light” 3.8 1.6 3.0 d 
Verbs of 
Creation and 
Transformation 
揼 
“Hammer” 4.0 1.2 3.2 d 
Verbs of 
Putting 
倒 
“Pour” 3.8 1.6 4.2 d 
Verbs of 
Putting 
拖地 
“Mop” 4.6 2.0 4.0 t 
Verbs of 
Removing 
踢 
“Kick” 4.6 1.8 2.2 t 
Verbs Involving 
the Body 
推 
“Push” 4.8 1.6 2.2 t 
Verbs of 
Putting 
 
Phonological 
generalization 
items 
煎蛋 
“Cook” 4.2 2.2 4.0 j 
Verbs of 
Creation and 
Transformation 
照鏡 
“Look” 4.0 1.8 3.8 j 
Verbs of 
Perception 
做蛋糕 
“Decorate” 
5.8 2.6 2.6 j 
Image Creation 
Verbs 
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揸牛奶 
Milk 
4.8 1.6 1.8 j 
Verbs of 
Removing 
剃羊毛 
Shave 5.0 1.6 1.2 j 
Verbs of 
Grooming and 
Bodily Care 
織 
Sew 4.2 2.0 2.6 j 
Verbs of 
Creation and 
Transformation 
擦黑板 
Erase 3.6 2.0 3.6 ch 
Verbs of 
Removing 
黐信封 
Lick 2.8 2.0 3.0 ch 
Verbs of 
Removing  
衝線 
Win 5.0 2.6 2.8 ch 
Verbs of 
Change of 
Possession 
雕刻 
Carve 5.0 1.8 2.0 d 
Verbs of 
Cutting 
打波 
Hit 5.8 1.8 2.2 d 
Verbs of 
Throwing 
打喊路 
Yawn 
3.8 2.6 3.2 d 
Verbs Involving 
the Body 
睇 
Look 6.8 2.6 2.6 t 
Verbs of 
Perception 
拖 
Drag 5.4 2.2 2.2 t 
Verbs of 
Sending and 
Carrying 
跳降傘 
parachute 5.4 1.8 1.6 t 
Verbs of 
Motion 
 
Semantic 
generalization 
items 
餵雞 
Feed 4.2 2.2 2.2 w 
Verbs of 
Change of 
Possession 
休息 
Relax 4.2 2.0 3.6 y 
Verbs of 
Psychological 
State 
跪 
Knell 3.6 1.6 2.6 gw 
Verbs of 
Emission 
放大 
Magnify 3.0 2.6 2.8 f 
Verbs of 
Change of State 
搬 
Load 5.2 2.0 2.6 b 
Verbs of 
Putting 
切 
Cut 4.0 3.0 4.6 ch 
Verbs of 
Cutting 
解剖 
Cut 7.0 3.2 1.6 g 
Verbs of 
Putting 
淋花 
Water 4.6 3.2 3.6 l 
Verbs of 
Putting 
爆炸 
Explode 5.2 2.6 2.2 b 
Verbs of 
Change of State 
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溶 
Melt 3.8 1.6 2.6 y 
Verbs of 
Creation and 
Transformation 
扭 
Twist 4.0 2.0 3.4 l 
Verbs of 
Putting 
/mat3/ 
Polish 4.8 1.8 2.0 m 
Verbs of 
Putting 
吠 
Bark 2.6 1.6 3.0 f 
Verbs of 
Removing 
鞠躬 
Bow 5.0 2.0 2.8 g 
Verbs Involving 
the Body 
企 
Stand 4.2 3.6 4.2 k 
Verbs of 
Putting 
 
Control items 
步操 
March 3.2 3.2 2.6 b 
Verbs of 
Motion 
磅重 
Weigh 4.8 2.0 3.2 b 
Measure Verbs 
落雪 
Snow 4.2 3.0 3.0 l 
Weather Verbs 
寄信 
Mail 2.8 2.2 3.0 g 
Verbs of 
Sending and 
Carrying 
量度 
Measure 4.6 2.0 3.6 l 
Measure Verbs 
敬禮 
Salute 4.0 1.6 2.6 g 
Verbs with 
Predicative 
Complements 
行路 
Walk 3.2 2.0 5.0 h 
Verbs of 
Motion 
騎馬 
Ride 4.6 2.0 2.2 k 
Verbs of 
Motion 
咬 
Chew 4.0 1.8 2.6 ng 
Verbs of 
Ingesting 
叫 
Howl 4.0 2.0 2.2 g 
Verbs of 
Communication 
敲 
Knock 3.8 1.8 3.8 h 
Verbs of 
Throwing 
批皮 
Peel 4.0 1.6 4.0 p 
Verbs of 
Removing 
跑步 
Run 3.0 1.6 3.6 p 
Verbs of 
Motion 
飛 
Fly 5.0 2.8 1.6 f 
Verbs of 
Motion  
攪拌 
Stir  3.8 1.6 4.8 g 
Verbs of 
Existence 
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Appendix E 
Age-of-Acquisition, visual complexity and familiarity ratings across probes 
 
Table 4 
Statistical analysis of ratings across probe types 
 Treated 
Item 
Phonological 
Generalization 
Item  
Semantic 
Generalization 
Item 
Control 
Items 
F- 
value 
p 
Age-of-Acquisition 4.37 4.77 4.36 3.93 2.307 0.086 
Visual complexity 1.92 2.08 2.33 2.08 1.761 0.165 
Familiarity 3.17 2.61 2.92 3.19 1.248 0.301 
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Appendix F 
Pre-treatment training procedure 
 
The letters representing the initial consonants in Cantonese will be trained to map the sound. 
Training will follow the sequence of f, s, m, p, m, l, h, ch, j, w, t, d, k, g, kw, gw, y for 
phonemes [f, s, m, ph, p, l, h, tsh, ts, w, th, t, kh, k, khw, kw, j] respectively. Two or three letters 
will be trained as a group, one at a time. The procedures of training are as follows: 
1. One letter will be presented by the clinician and three CV syllables formed by 
combination of the consonant with three vowels [a, i, u] will be generated. For example, 
the clinician presented the letter s and then produced [sa], [si] and [su]. 
2. The subject will then repeat after the clinician. 
3. Another letter will be presented in the same way. 
4. Another set of letters will be presented if subject achieves spontaneous production of 
relevant CV syllables for a letter. 
5. The subject will be asked to generate CV syllables containing other vowels like [y, ɔ] 
after finishing the training of all the consonants.  
 
 
